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DISCUSSION.

Mr. C. P. SPARKS : I have few criticisms to offer on Mr. Melsom's Mr. Sparks,
paper. But I wish to draw attention, in opening this discussion, to the
exceptional nature of this paper. First of all, it has been written and
brought before the members at the request of a Committee of this
Institution. Mr. Melsom does not tell quite the whole story in the
paper. The results put forward are the outcome of an investigation
which has lasted over two years. The Wiring Rules Committee have
faced this question of the current density of conductors on several
occasions. I am familiar with their efforts because I have served an
apprenticeship on this Committee of over twenty years. The difficulty of
the position was the expense and time taken for a thorough investiga-
tion ; and it was not until we enlisted the help of the National Physical
Laboratory that it. was feasible to investigate the matter thoroughly.
The Committee consider that the industry owes a debt of gratitude
to the National Physical Laboratory, Dr. Glazebrook, and his
assistants, for having made this investigation for the benefit of the
industry. Further, we have been assisted by cable-makers. Any
materials required, sometimes of an expensive character, have been
willingly provided by the leading cable-makers, at the request of the
Institution, to help this investigation. And again, we feel largely
indebted to the public spirit of the cable-makers for helping us in this
way. With regard for the reasons for this investigation, I may say that
in the early days the industry was almost entirely a lighting industry,
and in that case the governing factor was a question of pressure drop ;
the question of heating hardly came in at all. The rules that were laid
down were a compromise, based upon early investigations, and as will
be seen from the curves in the paper they were only an approximation.
Attention has been drawn in some quarters to the fact that the new
Wiring Rules permit what seems to be a very high-current density in
the: smaller conductors. They do not point out that at the same
time they also lower the current density of the larger rubber cables.
A study of this paper will show that even with this big advance in
current density in the smaller conductors we are still working on a very
conservative basis. For instance, 2O°F. temperature rise for rubber,
and 300 F. for paper is very small indeed. The principal factor we deal
with is the variation of the surrounding conditions. For instance, we
take it that it is safe to work on this standard up to an air temperature
of 100° F. So, after all, the 200 F. heating at these higher current
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Mr. Sparks, densities is still a very modera te figure. As to the reason for this
change, it has been suggested that it has been brought about by the
wiring contractor . T h e real reason is t he . largely increased use of
electricity for power and heating purposes. T h e question of pressure
drop, al though of importance, is not of the same importance as it is in
a l ighting proposition. And it is the engineers of the electric power
and supply companies who, being alive to the fact that it does not
help on the industry to have idle copper, are responsible for br inging
us up to date. T h e revision has been on a scientific basis, and an
exhaustive description furnished as to the basis on which these new
tables are founded. T h e paper has been wri t ten so that we may have
a record for future commit tees and for the information of all concerned
in the industry. Wi th regard to safety, I think the public may feel
well satisfied as to that. T h e Committee of the Insti tution repor t to the
Council, the Council consider the matter and adopt the rules for the
Insti tution. But before the rules were issued they were adopted by
some forty-nine of the leading insurance companies. T w o hundred
municipal undertakings represented by the Council of the Municipal
Electrical Association also adhere to the new standard, and the leading
power and supply companies. I think that it is impossible to get such
a consensus of opinion on the par t of insurance companies and supply
under takings in adopt ing these rules as a s tandard unless they are based
on a sound and practical foundation. Before concluding, there is one
further mat ter I would like to refer to. W e hope that when another
revision takes place we shall be able to go even further than we have
to-day. With the further help of the National Physical Laboratory we
hope to investigate the question of critical tempera ture . It is not a
thing which can be under taken lightly, because it requires years. W e
have laid down a more or less arbi trary s tandard with regard to the
temperature . W e give a safe working tempera ture of i2o°F. for rubber
and 1300 F. for paper . T h e question of deterioration of those two
materials over very long periods is to be investigated, I hope, with the
help of the National Physical Laboratory, and we may find on further
revision that we are able to go beyond the present limits of 200 F . and
300 F . respectively which have been indicated as the basis for the
present rules. I am unable to criticise the paper because I have had
many interviews with Mr. Melsom, and in some way I am responsible,
as Chairman of the Committee, for suggesting the method by which the
work has been carr ied out.

Mr. Human. Mr. H. H U M A N : This subject is one in which I take a very consider-
able interest, not alone from the mere point of view of the Fire Office,
but also from the fact that dur ing the past twenty-seven years I have had
a hand in many wiring rules, and I have also published some current
density tables based upon a tempera ture limit. In 1884, when I was
engaged in br inging out a set of rules for my office (we were in those
days all running on our own in these matters), I realised that to limit the
current per conductor on a basis of a certain number of amperes per
square inch was a fallacy, for it implies that the tempera ture of wires
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for a given current is proportional to the sectional area of those wires, Mr- Human,
which, however, is not the case, and the only rational way to deal with it
is by means of a temperature limit. But merely to formulate a rule
stating what that limit is would be of very little value. It must be
translated into figures by way of a table complying with the rule.
Therefore I got out a table based on the work of Professor Forbes, and
I adopted the temperature limit of io°C. due to current. That table
existed until 1890, when I found I had to recast it from top to bottom,
and for this reason Professor Forbes had been working upon gutta-
percha as the insulating medium. Of course we had long got out of
gutta percha for our cables. Then Dr. Kennelly in America had
tackled the subject afresh from the point of view of rubber-covered
conductors in casings, and the results naturally differed from those of
Professor Forbes. Therefore I;got out a new table based upon the data of
Dr. Kennelly, and, if I remember rightly, that table was immortalised in
Rankin. But in 1897 this Institution issued a new revised edition of
their rules, and with it a table of current densities based upon a limit of
rise of temperature due to current of io° F. I therefore scrapped my
rules and table and adopted those of this Institution for the sake of
uniformity. I naturally regarded that table as above suspicion, coming
from whence it did. But when, later, I was privileged to assist in a
further revision of those rules, I endeavoured to ascertain what was the
basis, or rather what were the data upon which that table was framed,
but without success ; nobody seemed to know. And therefore when
this very recent revision was taken in hand, we all recognised that, as
we were carrying the temperature limit from io° to 2O°F., it was most
essential that we should have perfectly reliable data on which to frame
a table to meet the new rule, and we did the very best thing we could
do, and that was to put the matter into the hands of Dr. Glazebrook.
Well, the result is before you this evening. Let me say this, that, what-
ever our sins of omission or commission may be in connection with the
rules, we can plume ourselves on the fact that it is entirely due to our
initiation that the science of electricity has been enriched by this work
of the National Physical Laboratory, and that work will, in my opinion,
live as long as we are committed to rubber and copper. I am particu-
larly pleased that the authors, who have apparently borne the brunt of
the work, have been permitted to put before the world in full detail
their method of procedure ; because any one reading this paper must
be impressed with the exceeding care which they exercised in eliminat-
ing all possible sources of error. We now know'where we stand in
this matter of temperature; but we also know where we have been
standing, and that is not quite such pleasing reading. It is now
perfectly obvious that the old table was based upon insufficient data;
and when I looked at Fig. 9 and examined that dotted line marked
X, which, by courtesy, we must call a curve, but which to my view
more resembles a piece of corrugated iron which has been in a fire,
and when I realised that that is the thing upon which I have rested this
many a day, I felt very sorry for myself. But there is just this consola-
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Mr. Human, tion in the fact, that when we come to look at the current densities of
the smaller class wires under the old table, it will be seen they carry a
very ample margin for safety. And even when we come to the 19's,
it will be seen that even those, under the old current density, are well
within the new temperature limit of 2O°F. So no great harm has
been done. I may say that those who look at this matter from the Fire
Office point of view will feel greatly indebted to these gentlemen for
the splendid work they have done, and I may tell them that that work
will extend far and wide ; far beyond the confines of this Empire. For
there are a number of foreign fire associations which take their inspira-
tion from the Fire Office Committee here in London on many things ;
but in matters electrical they usually take their inspiration from this
Institution, and however they may regard the new rules, one thing I
am certain of, and that is that they will welcome the new table, and
for the reason that it bears the hall-mark of the National Physical
Laboratory.

Mr. Sneii. Mr. J. F. C. SNELL : I should like to endorse the remarks which
have fallen from Mr. Sparks, who has piloted the Wiring Rules
Committee for so many years, as to the gratitude he ought to feel
not only to the authors of this paper for this very careful investigation,
but also to the National Physical Laboratory, and to Dr. Glazebrook in
particular, for all the help given to that Committee. Although we now
find that the larger sections of cables have been, perhaps, badly rated
in the past under the old Wiring Rules, we can console ourselves at any
rate with this thought that no evil result appears to have happened.
But it is well that we should know exactly where we stand. As
Mr. Human remarked just now, Fig. 9 in the paper shows that we have
been sailing to some extent under false colours. Now, this investiga-
tion of Mr. Melsom and Mr. Booth will put us right in this respect, and
the new issue of the Wiring Rules will enable us to rate cables in
a correct way. Instead of dealing with volt drop they will deal
with temperature rise. It is interesting to learn that small
cables laid in casing are only able to deal with smaller current
densities. The next gradation is cables laid in steel piping, and then
cables able to stand highest current densities are those laid directly in
plaster. I think it would be of very great interest and help if we could
even further trespass upon the National Physical Laboratory. I hope
that some day they will be able to make a further investigation on the
lines of Fig. 17, that is to say, to deal with cables laid not within
premises, but actually in the streets. The curve, as shown, at any rate
gives us a very valuable indication of the lines on which we should
proceed in distributing systems, because we see that cables laid in
earthenware pipes carry a particular current with 200 rise ; cables
laid in bitumen, as the authors pointed out, for the same current, have
only 130 rise, and when laid direct in the earth—wet earth in this case
—there is only an 8° rise. That is a useful indication in cases where we
want occasionally to run high density currents in distribution systems
for a short time each day, as it points to the fact that, if other
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things permit, lead-covered cables laid in soil are capable of higher Mr. Sneii.
densities than cables either laid solid or laid in ducts. Many of us
have to lay cables in concrete or stoneware casings, and often have to
run high density currents, so that it would be a very valuable contribu-
tion to our present somewhat limited knowledge if the authors could
pursue this interesting and most valuable work of theirs into that
region, and tell those of us who do not know, except on the occasion of
breakdowns, to what limits we can go. If they could give us indications
of the permissible current densities in three-core paper-covered cables,
laid singly, and also in nests, following out the lines which Mr. Ferguson*
reported at the St. Louis International Electrical Congress, I think
it would be a very valuable contribution to our present knowledge.
The authors do not deal specifically with the effect of these current
densities and temperature rises upon the dielectrics used. I think that
in paper-covered cables the insulation resistance drops some 40 with
each °F. rise of temperature. It would help us very much to see what
effect there is on the depreciation of dielectrics of different kinds when
running cables at particular temperatures.

Mr. W. R. RAWLINGS : I think the paper we have before us is a text- Mr- .
Rnwlinfis

book of the Wiring Rules if read in conjunction with the table which
is to be found at the end of that book, and as a text-book it is
really beyond criticism. I have read the paper with care, and I
also have had the pleasure of seeing some of the tests carried out, and
having done so I will caution any one who wishes to criticise the authors'
work to be very careful, because at the National Physical Laboratory
they carry out their tests with very great care, leaving nothing to
chance. The cables were tested in a scientific manner, under practical
conditions, and I think this is the only work of its kind which has been
published. There is one very important factor brought to light by the
authors, viz., that it is no longer necessary to follow the old Thomson
law of 1,000 amperes per square inch. The old rule has permeated the
industry to such an extent that it has blocked progress, and I was glad
to learn from Mr. Sparks his views upon this important point. I am
pleased to inform him that, as a contractor, I think he has done
even more for us than he has done for the supply station engineer.
We shall sell, perhaps, fewer large cables, but I hope, and venture
to suggest, that we shall sell ten times the number of small wires.
Take a case in point : I have calculated that, where it would have cost
;£ioo to lay down a small heating installation, it can now be done under
^30, which must bring about business. This paper, in conjunction
with the Wiring Rules, will do much to bring about that desirable day
load, and a further demand for small heating apparatus, etc.

Professor A. W. PORTER : Mr. Melsom referred to a small experi- Pro[essor
r Porter,

ment of mine, showing the anomalous effect in the lagging of a wire. I
showed the identical experiment eight years ago, and I believe it has been
seen since by a very large number of engineers. What rather surprises
me is that it has not apparently been known to the members of the

* Transactions of the International Electrical Congress, St. Louia, vol 2, p. 666, 1904.
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Professor
Porter.

Mr.
Whalley.

Wiring Committee. So far as I have read Mr. Melsom's paper, there
are many things in that paper which I could not have predicted accu-
rately from the experiments I have made myself up to date ; but I think
that, in the rough, one might have predicted the results which Mr.
Melsom has obtained, several years ago. They fit in exactly, as far as
I can see, with what our expectations would have been, taking into
account all the circumstances of the various cases. However, it is ex-
ceedingly important to have points like these verified experimentally,
accurately, and in detail. We cannot always rely upon theoretical con-
clusions apart from experimental verification.

Mr. A. WHALLEY : Might I ask a question ? In one or two of the
tables references are made to paper-insulated concentric cables. If
the inner and outer leads refer to the same cable, are the temperature
differences for the same difference of resistance between outer and
inner for all sizes, usually 4 per cent. ? I judge by the omission from
the paper of reference to lead-covered rubber cables that possibly no
experiments were made with them. But if any were made, might
I ask if the results attained were practically identical with the lead-
covered paper cables ? The same remark would apply to armoured
cables. Lead-covered rubber cables, I apprehend, are chiefly of
interest in connection with the wiring of ships. If a new scale
of current densities has been adopted in the new Wiring Rules, would it
be possible to add a curve " y " to Figs. 8 and 9, that we may be able
to compare the new edition of the Wiring Rules with the tests recorded
in this paper, and thus save each of us having to draw out the
new curve, which I shall call " y," upon the curves in this paper ?
Perhaps the new formula given in Table III. may ultimately reach us
in rather a simpler form. It contains in the ratio D/R a value D which
cannot be determined accurately until the cable is selected.

Communicated : Having obtained a copy of the new Wiring Rules
(the stock was temporarily exhausted at the time the paper was read)
I see that the " reference " of this matter to the National Physical
Laboratory by the Wiring Committee practically asked for an interpre-
tation of the 1907 temperature limits adopted by the Institution of
Electrical Engineers, and an interpretation has been given, in a most
capable manner, but without the expression of any opinion upon these
temperature limits or a maximum air temperature of ioo° F. being
assumed for every installation. The Wiring Committee appear to have
adopted the National Physical Laboratory figures before submitting
them to the members of the Institution. In connection with the
present paper, therefore, a discussion of the new rules is not possible,
as the National Physical Laboratory and the authors have done all
they were asked to do. On plotting curves of current and section
between 0*25 and roo sq. in., we have a straight line for paper and
fibre cables, but for rubber cables the line is hollow, the greatest
depression being at o"5 sq. in. and for about 15 amperes. Is this inten-
tional ? It would be interesting to know whether vulcanised bitumen
cables come under the rubber limits and also how aluminium cables are
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to be treated. While under all preceding rules paper and rubber Mr.
cables have been on the same footing, now this is only so for small Whalle>'-
sizes. For both alike the current is at the rate of 4,000 amperes per
square inch up to T

7
¥ for paper and & for rubber, but for larger sizes

a paper cable is allowed to carry roughly 60 per cent, more current
than a rubber cable of the same section ; or for the same current
a rubber cable has to be roughly twice the section of a paper
cable. This change is most drastic, and seems excessive, considering
the vast majority of all installations must have a maximum air tem-
perature considerably below the ioo° F. assumed, and that there has
been no change in the working conditions under which rubber cables
are used.

Mr. C. C. PATERSOX : Mr. Sparks indicated that the new table and new Mr.
values were especially applicable to power circuits, indicating that the a erson"
question of voltage drop on the line does not come in to the same
extent as for wiring lighting circuits. It is a fact, however, that, even
under the new rules with the largely increased limit of current density
in small wires we are no worse off from the point of view of voltage
drop in lighting circuits than we were under the old tables when carbon
filament lamps were exclusively in vogue. The candle-power of
metallic filament lamps varies, with voltage fluctuations, only about
half the amount that it does in carbon lamps. Hence twice the
current density is permissible in leads to tungsten lamps as compared
with carbon filament lamps. This appears to me to be the chief
justification for the general use of the new table for lighting
installations.

Mr. T. E. RITCHIE : The paper bristles with points of interest, Mr. Ritchie,
some of which are large and some small. One of the minor ones is
the reference made by the authors to the question of the grooves in
casing. It has, in practice, been considered by quite a number of
people an advantage to have the grooves somewhat larger than
necessary rather than quite a close fit, and this the authors have
conclusively demonstrated to be incorrect. Then as regards the
question of the influence of the increase in the rating of the smaller
cables in connection with their use for electro motors, as referred to by
one of the previous speakers, I can assure you that the effect of this, or
any alteration tending to reduce the cost of installation, upon the motor
industry will be immediate and, I think, pronounced. Mr. Paterson
has touched upon a point which I had in my mind in the matter of
lighting work, but he has, in stating that he cannot conceive an
installation being wired for anything other than metallic filament „
incandescent lamps, probably inadvertently overlooked an illuminant
which the increased current densities now permissible will affect very
materially and very advantageously, and that is the arc lamp. In arc-
lamp work there is not, as a rule, any difficulty in allowing for quite a
considerable drop in pressure. We have, unfortunately, to dissipate
that in most cases whether we like it or not, and so shall not usually
have any difficulty in running up to the full limits of the new carrying
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Mr. Ritchie, capacities, and in this way taking the fullest advantage of the improved
conditions. A further advantage is that by absorbing most of the
surplus voltage in the conductors the heat due to the absorption of the
excess wattage is dissipated evenly over the whole of the network,
instead of being concentrated in the steadying or line resistance, with
the result that either the size and cost of the latter can be reduced
or the apparatus as a whole rendered considerably cooler. As instanc-
ing the practical application of this point I have taken the opportunit)',
in the short time which has elapsed since my receipt of the paper and our
meeting this evening, of running over the cost of the cables used in a
large arc lamp installation in a locomotive works, where the wiring, of
which I had retained particulars, ran into a considerable sum. I
carefully compared what was then necessary in the way of wires and
cables, and what it cost, with what would have been necessary had the
present rules been then in force, with the result that I found that under
the new conditions a saving to the purchasers could have been made
representing approximately 17 per cent, upon the capital outlay for the
entire installation, an item which even the wealthiest of us cannot
afford to ignore, and one which has a very great practical bearing upon
the matter from the point of view of the user, the manufacturer of the
arc lamps, and the supply station engineer.

Referring now to quite another matter, I should like to ask the
authors whether they have carried out any investigations upon, or have
definitely considered at all the question of pit shaft cables. In such
cases the conditions differ quite materially from any of those given in
the curve, Fig. 17. There is in very many pit shafts a dampness or
moisture which amounts very often to pronounced wetness, and there
are also very unusual conditions in the way of something allied to a
forced draught, and as, moreover, it is necessary to take whatever
electrical energy may be required in the pit down the one or two
cables which are usually available, the maximum rating at which the
same can be worked becomes a matter of very great importance to
colliery proprietors and to those called upon to devise installations for
them and to advise them upon such matters. If, therefore, the authors
could, before the paper is definitely concluded and printed, give us even
some approximate information upon this point it would be of interest
to all and of material value to many of us.

Mr. Digby. Mr. W. P. DIGBY : As against the remark of a previous speaker
with regard to temperature limit for paper-covered cables, I should
like to point out that, as Mr. Whalley stated, there is a large fall in
insulation resistance, both with the mineral and vegetable oils, but, on
the other hand, there is an increase in dielectric strength on raising the
temperature, which would offset some of the effects due to the fall in
insulation resistance.

Dr. Russell. Dr. A. RUSSELL (communicated): The authors' paper is both timely
and interesting, and their experimental results are suggestive. The
theory they give of the cooling of cables could, however, be consider-
ably improved by taking into account the important results recently
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obtained by the great French physicist, Boussinesq. In explaining, Di\ Russell,
for example, why it is that putting an insulating covering round a
cylindrical wire sometimes permits a higher current density for a given
temperature rise, they have, following Fourier, assumed that the " ex-
ternal conducibility" h may be regarded as approximately constant.
Their own numerical results prove that this assumption cannot be made.
It will be of interest, therefore, to indicate a more rigorous method of
proof and to give an historical resume of the problem. So far as I can
ascertain, the first account of the cooling effect produced in certain cases
by an insulating covering was given by Lord Kelvin to the Royal Society
of Edinburgh on March 23, 1884. The paper was entitled "On the
Efficiency of Clothing for Maintaining Temperature," but it was never
published in full, and only the briefest abstract appears in Nature.* A
letter, however, from Dr. J. T. Bottomleyf which appears in the
Electrician for April 19, 1884, enables us to reconstruct Kelvin's
theorems. Apparently he solved by Fourier's method the problems
of a covered sphere and a covered cylinder cooling in air. For the case
of a sphere,- using the ordinary notation, we have, when the flow
is steady—

— 4 7rr2£. £0/<5r=H,
where H is the heat generated per second in the sphere. Hence,
since H is supposed to be constant, we get—

qirkXa bj

where 9 is the temperature of the sphere, 0Z the temperature of the out-
side of the covering, a the radius of the sphere, and b the outer radius
of the covering. Apparently Lord Kelvin made the assumption that
h was independent of the curvature, and hence—

H = 4 *• b* h (0, — 90),

where 90 is the temperature of the air before it reaches the sphere.
Therefore, by (1)—

4 2 k) + ka 4

When H and a are constant and b varies, we see at once that 9 has its
minimum value when J b = 2 k/h. Hence, if a is less than 2 kjh, putting
a thin covering on the sphere will cool it. Similarly we can show that
for a cylinder the critical value of the radius is kjh. An independent
proof of this result was also given by Professor G. Forbes (reference
cited by authors). Little value, however, can be attached to these
results. Dr. Bottomley, and presumably also Lord Kelvin, were not

* Nature, vol. 29, p. 567, 1884. t Electrician, vol. 12, p. 541, 1884.
\ In Nature and in Dr. Bottomley'_s letter this is written k,(2 //).
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Dr. Russell, satisfied that the assumption that h is constant is legitimate. The
former points out that if we make this assumption we are led to the
conclusion that the current carried by a wire for a given temperature
rise varies as D3/2, a result which both he and Professor Forbes proved
experimentally to be wrong. The latter * published his results as far
back as 1882. In theoretical work, therefore, the constancy of h
should not be assumed.

In 1901 f Boussinesq obtained a solution for the cooling of a strip of
metal by a stream of fluid. He has since extended his solutions to the
case of cylinders, spheres, etc., and has also given strong theoretical
reasons for concluding that Newton's law of cooling, which Newton
deduced from experiments on convective cooling, was true to a high
degree of accuracy. Mitchell, Compan, and others have proved that
Newton's law is true even up to differences of temperature as high as
2000 and 3OO°C. The known values J of Stefan's constant for radiation
prove that the radiation loss is generally only a small fraction of the
loss due to convection currents. Hence in a recent paper § to the
Physical Society I have obtained approximate solutions of various
practical problems by neglecting altogether the radiation losses. It is
proved, for example, that the current required to raise a bare cylindrical
wire to a given temperature varies as D1'25. The experimental results
obtained by Forbes in 1882, using a tangent galvanometer as an
ammeter, agree with this law within the limits of experimental error.
Schwartz || found experimentally in 1905 that it was very approximately
true. The mathematician can take the radiation losses into account
without much difficulty, but the higher accuracy of the formulae
obtained hardly compensates for their increased complexity. For the
cooling of an insulated cylinder in a stream of liquid I have (I.e. ante)
given the following solution :—

+ 1 n g
x V D 2 7 r / j d

where s is the specific heat, a the density, kt the thermal conductivity,
and V the velocity of the fluid in which the cylinder is immersed. The
critical value of D is 7r3&7(32 so-kj V). For given values of 9 and 60,
H varies inversely as the quantity inside the brackets, and so I should
not expect that the current density can in the general case be given by
a formula of the type i = k (D/S)M.

An approximate solution of Lord Kelvin's problem of a covered
sphere cooled by a current of fluid can be found as follows.
Boussinesq IT has shown that for a sphere—

* Electrician, vol. 9, p. 497, October 7, 1882. f Comptes Reudus, 133, p. 257, 1901.
J Journal de Physique, 9, pp. 468-490, 1909.
§ Philosophical Magazine, vol. 20, p. 591, 1910.
|| Journal of the Institution of Electrical Engineers, vol. 35, p . 364, 1905.
If Comptes Rendtts de VAcademic des Sciences, vol. 138, p . 1191, 105.
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Hence, by ( i ) — Dr. Russell.

9 = e ° + ^ U
Therefore 0 is a minimum when—

i v-ki + ra)

We see that, in some cases, clothing a body keeps it cool, and in other
cases, keeps it warm. This result is fairly well known to physicists,
but a rigorous proof does not seem to have been hitherto given.
Fourier, in his " Theory of Heat," points out that his coefficient h
must depend on the velocity of the fluid in which the cooling body is
immersed, as well as on the density and the capacity of heat of the
fluid. He also points out that by destroying the polish of the surface
or blackening it the value of // is considerably increased. It would be
of interest to know whether making the surface of the lead sheathing
rough or painting it black would have the greater effect in keeping the
cable cool. Other things being equal I should expect that making it
rough would be the more effective. In the recent experiments carried
out by David * it is shown how the temperatures of the sheath and the
core vary as the current is increased. The effect on both of blackening
the sheath is also shown, but further experiments are desirable.

Mr. C. BEAVER {communicated): While in the opinion of some it may Mr. Beaver
be undesirable to have increased the maximum current density on the
smaller conductors in the 1911 Wiring Rules, the broad advantage
of having the figures put on a consistent basis is undoubted. It
has always been a matter of some surprise to me that while the tables
deal with single cables up to 1 sq. in., they ignore twin, concentric, and
rnulticore cables in which maximum current densities will be decidedly
lower for a given temperature rise. These cables are far more likely to
come into a wiring job, say, for a mill or factory, than 1 sq. in. single
cables. In fact, one might almost go further and say that when large
cables are used they are quite likely to be laid underground by methods
which will further affect the permissible current density. The authors
state that the heating of buried cables is outside the scope of their
paper, and that they are not aware of any attempts being made by
engineers to determine the temperature rise in cables as laid. As one
who has had considerable experience in this branch of the subject, and
conducted a wide series of experiments on it during the past four years,
I would point out that it is not quite so easy as the authors infer
to conduct heating tests on cables in situ unless specially laid for
the purpose, the difficulty being to accurately determine initial
temperatures. I notice that the authors do not state what the actual
range of initial temperature was in their experiments, and would point
out that to a considerable extent the initial temperature determines the
temperature rise, because the final steady temperature depends on the

* Bulletin de la Societe Internationale des Eleciriciens, vol. 10, p . 511, 1910.
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Mr. Beaver, heat dissipation conditions, and is for a given set of conditions of current
density and heat dissipation almost constant, at least within a few
degrees. The following initial and final temperature figures, taken
on o'i sq. in. 20,000-volt paper-insulated, lead-covered, 3-core cables,
running at a current density of 2,000 amperes per square inch illustrate
this. They are taken at random from a mass of results, and represent
the hottest and coolest systems of underground laying respectively.

Laid Solid in WoodTroughing.

Initial Temperature.

74-0° F.

47-5° F.

42-5° F.

Final Temperature.

146-2° F.

14070 F.

143-0° F.

Armoured and Laid Direct.

Initial Temperature.

60-3° F.

5o-5° F.

Final Temperature.

135-6° F.

131-0°F.

It will be seen from these figures that unless the initial temperatures
were either kept constant or allowed for, it would be misleading to
quote figures of temperature rise. With regard to the authors' assump-
tion that the temperature of the cable was the same as that of the
surrounding air, I have not found it sufficiently accurate in the case of
medium and large cables to take either air temperatures for cables
above ground or ground temperatures for buried cables. I have there-
fore always determined the initial temperature by reference to the
resistance figure obtained after immersing the whole cable in water at
constant temperatures for 48 hours before laying or fixing.

There are one or two observations made by the authors which, while
true for the conditions considered by them, do not by any means hold
good for buried cables. Not only does the method of laying introduce
a variation, but higher temperature rises than those considered by the
authors (which are often used in practice) make the variations still
more marked. I refer to the remarks in the paper as to there being
very little difference between rubber- and paper-insulated cables when
laid under similar conditions, and also as to there being only a
small difference between rubber cable in casing and in iron tubes in
air. A glance at Fig. A will show that when laid solid, the tempera-
ture rise on a rubber cable may be about 20° F. higher than on paper
lead-covered cable. The difference between rubber cable in casing
and in iron conduit slung on a wall in air is about 45° F. It should,
however, be mentioned that the casing did not closely fit the cable. In
my experiments I have found that for certain ranges of time before a
final steady temperature is reached, and particularly where dissipation
of heat is chiefly effected by radiation or convection and not by con-
duction, the effect of reflection of heat from the interior of a lead sheath
is quite marked, and has an appreciable accelerating effect on the
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rate of heating. This may sometimes be of importance to a station Mr. Beaver,
engineer in connection with intermittent or peak loads. The shape of
some of the curves in the diagram illustrates the point to some extent.

104 5
Time in hours,

FIG. A.—05 sq. in. Single Cables of four different Types laid in various ways.
C D . 1,500 amperes per square inch.

With 1 egard to conduction, while it is obviously the best means
of dissipating the heat of a cable, a good deal depends on the medium.
This point is well illustrated in the diagram by comparison of the
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Mr. Beaver, curves shown for paper lead-covered laid solid, i.e., in wooden
troughs filled with bitumen, and the same cable laid in Howard
asphalt trough, the latter running nearly as cool as when armoured and
laid direct. Many other more or less unexpected results occur when
other variants such as extra high-tension thicknesses of insulation,
different types and constructions of cable, high-current densities,
multiple conduits, combinations of materials, etc., enter into considera-
tion, and it is therefore perhaps excusable to emphasise in some detail
the authors' statements as to the limits of the application of their most
valuable conclusions.

Giazebmok Dr. **• ̂ ' GLAZEBROOK : Before calling upon Mr. Melsom to reply,
I wish to thank the Institution very sincerely for the way in which this
paper has been received and for the remarks which have been made as
to the work of the National Physical Laboratory in connection with it.
I am not sure that it is entirely fitting that I should be, by an accident,
occupying this chair this evening. The President and Vice-President
were called away by duty to attend a more festive gathering, and the
Secretary told me in the Council meeting that it was my duty to be
present here and to take the chair. It has been a great pleasure to me
to listen to what has been said about the work of the laboratory, and
about this paper by Mr. Melsom in particular. I also value the oppor-
tunity of assuring the Institution of the readiness with which the work
was undertaken by the Committee of the Laboratory when I placed the
matter before them, and of the indebtedness that we feel at the
Laboratory to the cable-makers and to the Wiring Rules Committee
who have put it in our power to carry through a piece of work which
I believe is of real value. It is only another instance of the way in
which manufacturers, when once they realise that an investigation is of
importance for their work, are always ready to come forward and help
with material and suggestions in a manner which they alone can do. I
wish, too, on behalf of the Institution to thank the Wiring Rules Com-
mittee for the work which they have carried through. The meeting
to-night will have realised that the labour connected with the issue of
this new edition of the Wiring Rules has been no light task, and the
Institution as a whole and all its members are, I feel sure, very much
indebted to Mr. Sparks and the other members of the Committee for
the time and trouble they have taken in bringing these Wiring Rules to
their present condition, and in conferring on the industry such great
benefits as it is clear will accrue from the issue of the new rules.
Suggestions have been made for still further work in this direction ;
and if that work can go on with the cordial co-operation of the Institu-
tion and with the assistance of the manufacturers in providing the
necessary material, we shall be glad to continue it at the Laboratory.

Mr. Melsom. Mr. MELSOM {in reply) \ I think the first thing I have to remark
on is the point raised by Mr. Snell with regard to buried cables. It is
correct to assume that cables which are buried in the soil can be run at
a higher current density than when in air. It should be mentioned,
however, that the soil in which the cables were laid was wet, and this,
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of course, affects the cooling considerably. I do not know what the Mr. Meisom.
conditions are in other places, but in the Thames Valley the soil 4 ft.
down is probably never dry. With regard to the effect of tempera-
ture rise on the insulation resistance, we have made tests of the change
of insulation resistance with temperature and find that the decrease
is more nearly 50 per cent, for a rise of temperature of i° C, the cable
tested having an insulation resistance of several thousand megohms
at o° C, and of less than 1 megohm at iooc C. In answer to Mr.
Whalley, the paper cables were—the outer as well as the inner lead
—insulated, otherwise there would have been a difference in the
sectional area of the outer conductor owing to the lead covering
carrying a portion of the current. The authors did not experiment
with lead-covered, rubber-insulated cables ; but it seems obvious that
they would not differ very much from rubber-insulated compounded
cables.

In reply to Mr. Ritchie, we did not especially consider the question
of cables as used in colliery shafts, but perhaps the results given in
curve 4, Fig. 17, might give an indication of the results that may be ex-
pected. In this case the cables were laid in a shaft, through which a
current of air was drawn, and from a comparison of curves 1 and 4,
Fig. 17, it will be seen that under these conditions the cable required
about 50 per cent, more current to raise it to a given temperature than
when it is laid in still air.

{Communicated) : Since this paper was written the authors have
seen an experiment shown by Professor Porter at the Royal Society's
conversazione by which the apparently anomalous effect of the
lagging under certain conditions assisting instead of retarding the
dissipation of heat developed in the conductor is clearly shown. The
experiment consisted of a thin platinum wire heated by a current. At
intervals along the length of the wire pieces of glass tube were sealed
on, the difference of temperature between the portions of the wire
inside and outside the glass tube being clearly visible. This experi-
ment was first shown by Professor Porter some eight years ago, and was
exhibited before the Physical Society on November 13, 1908.* Dr.
Russell in his paper on " The Convection of Heat from a Body cooled
by a Stream of Fluid," \ mentions the same experiment, but with the
substitution of a manganin for a platinum wire. The authors have,
however, taken the opportunity of determining under practical condi-
tions the thermal constants of certain cables, the coverings of which
consist of successive layers of various materials which presumably differ
considerably among themselves in their thermal properties. By means
of the constants so obtained we have set out the effect of various thick-
nesses of covering in promoting the dissipation of heat from the con-
ductor. This is shown in Fig. 14, which illustrates the special aspect of
the effect with which we are here concerned, that is, as it affects the
current density that produces a given temperature rise. Each of the

* Philosophical Magazine, vol. 20, p. 511, 1910.
+ Proceedings of the Physical Society, vol. 22, p. 432, 1910.



750 MELSOM & BOOTH : THE HEATING OF [May 25th,

Mr. Meisom. c u r v e s shows for a stated size of conductor the effect upon the per-
missible current density that results from varying the thickness of the
insulating cover.

In this connection, Dr. Russell's remarks on the variation in the
value of the " external conductivity " h for different cable sizes is of
considerable interest. In the absence of the more elaborate investiga-
tion which would be necessary in order to determine experimentally
the exact nature and amount of this variation, it is impossible to say
how far the curves shown in Fig. 14 would be affected by taking this
variation into account as a more exact theory of the heat dissipation
of lagged cables would require. Dr. Russell alludes to our numerical
values of h as showing this difference for different sizes of external
diameter of cable covering ; but even if we regard this difference
as solely due to the "curvature effect," and leave aside the possibility
of its arising even in part from difference in the surface condition of
the cable, it does not appear that by taking account of this variation in
setting out the curves in Fig. 14 their general character would be sub-
stantially altered, and it was to their general character that we desired
to call attention. With reference to Dr. Russell's objection to the
formula—

we, of course, quite agree that such a formula does not meet the require-
ments of a general mathematical theory of the heating of lagged cables.
This, however, it was not intended to do, but to resume in simple
mathematical form the behaviour of commercial cables under ordinary
working conditions and having some such thickness of insulation and
covering as would occur in practice. Its use in interpolating between
any two not too widely separated cases of actual observation is, we
think, sufficiently well justified by the graphs in Figs. 11 and 12. The
authors are much indebted to Dr. Russell for his remarks and sugges-
tions on the theoretical aspect of the subject, and desire to thank him
for this and the references which he has so kindly given them.

With regard to Mr. Whalley's remarks, since the paper was read the
authors find that the table stating the current density in each size of
cable when run at its maximum permissible current has been omitted
from the new tables. The authors are hoping to commence shortly an
investigation which will enable them to express an opinion as to the
safe temperature limits at which cables may be run.

Mr. Beaver's remarks seem to deal with work which has been
omitted rather than with the work that has been done, and in so far the
authors must agree with him. There is a great deal of work to be done
in order to determine the heating in cables of various types, twin, con-
centric, and multicorc, when laid underground and under the various
conditions at present in practice. It is stated in the paper that the
question of buried cables was " outside the scope of the present paper."
As a matter of fact, the authors are at present getting out a scheme of
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work for submission to the Wiring Rules Committee, which will include Mr. Meisom.
an investigation into these questions. With regard to carrying out
tests in situ, it is, of course, not at any time possible to make very
accurate tests under these conditions unless the cables are laid with
this end in view. In stating, however, that the tests could be easily
made, the authors had in mind more than one cable system of which
one of them had practical experience, in which had very slight modifi-
cations been made when the cables were laid it would not have been
difficult to have obtained a very fair approximation of the extent of the
heating. Mr. Beaver's remarks about the initial temperature do not
seem to be borne out by his figures, as his table shows that even with a
large variation in the initial temperature the final temperature in each
case is nearly the same. The temperature of the surrounding medium
must, of course, always be allowed for in determining the rise of tem-
perature. It will, however, probably be found that the temperature of
the soil a few feet down is fairly consistent for days together. Mr.
Beaver's tests of cables in air have no doubt been carried out in a
rapidly fluctuating temperature, and in this case the cables would not
follow the variations of air temperature. In the case of the experi-
ments made by the authors the room temperature was nearly constant,
any variations being very slow. It was not assumed but was found
by experiment that under these conditions the cables followed the air
temperature very closely.

On the motion of the chairman, the authors were heartily thanked
for the paper.
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